We isolated nuclei from this cell suspension following the method of Schildkraut and Maio (14) . Briefly, the cells were pelleted by centrifugation at 1 5OOg for 20 min, resuspended in 25 ml of 0.01 M Tris, pH 7.4 containing 0.3 mM CaCl2 and 0.5% Triton X-100, and incubated at 0C for 10 min. The cells were then disrupted using a Potter-Elvejhem homogenizer. Light microscopy of this homogenate revealed that greater than 85% of the cells were lysed. We centrifuged the homogenates at 300g for 10 min, and the resulting cytosolic fraction was removed for analysis of total radioactivity by liquid scintillation counting, protein content (15) , and covalent binding (16) , and anti-BPDE metabolite content (8) . The crude nuclear pellet was resuspended in 8.75 ml of 2.0 M sucrose containing 1.5 mM CaCI2 and buffered with 0.01 M Tris, pH 7.4, and then layered onto a 5.25 ml cushion of 2.2 M sucrose in an ultracentrifuge tube. This sample was centrifuged at 50,000 g for 1 hr. The supernatant was discarded and the pellet resuspended in 1.0 ml PBS. We assessed purity of the nuclear preparation using phase-contrast microscopy. Aliquots (100 pil) of the nuclear fraction were assessed for radioactivity, metabolite content, and protein binding as (Fig. 1) . Upon inclusion of 1 or 10 mM sulfite, there was an increase of up to 86% in the level of nuclear localization of
[3H]-anti-BPDE-derived material at all concentrations of [3H]-anti-BPDE over that seen in the absence of sulfite (Fig. 1) . The extent of enhancement of anti-BPDE localization elicited by 1 and 10 mM sulfite was identical. The diol epoxide is readily able to partition across membranes to reach all cellular compartments. The increased nuclear localization relative to other organelles may well result from the noted specificity for covalent binding to doublestranded DNA exhibited by anti-BPDE (16) . Clearly, a substantial increase in nucleus-associated label resulted from this treatment with sulfite. We have reported previously that sulfite increased the covalent modification of DNA by anti-BPDE and the resultant genotoxicity in bacterial systems (9) 
Kinetics of Sulfite-mediated Nuclear Localization of [3H]-anti-BPDE
We examined the kinetics of anti-BPDE uptake and the effects of sulfite on this process using 0.1 pM for the diol epoxide and 1 mM for sulfite. The concentration of diol epoxide was chosen based both on the potent stimulation of nuclear localization due to sulfite at that concentration ( Fig. 1 ) and on the position of this diol epoxide concentration within the reported dose-response range for mutagenicity in mammalian cell systems (17) (18) (19) . We chose the sulfite concentration based on the equal effects of 1 and 10 mM sulfite observed at the 4-hr time point (Fig. 1 ) and on our previous experience with sulfite and anti-BPDE in bacterial test systems (6, (8) (9) (10) . The half-life of anti-BPDE in aqueous systems is about 2 min (18), indicating that uptake, distribution, and covalent binding of the diol epoxide must take place rapidly. The products of these reactions will then be either retained within the cell or eliminated, depending on the relative polarity of the products. In control incubations exposed only to anti-BPDE, there was an initial burst of nuclear localization during the first 15 min of incubation, with a more gradual increase between 15 and 60 min (Fig. 2) at 240 min relative to the levels observed in the absence of sulfite. Although these data do not rule out effects of sulfite on cellular components leading to this increased nuclear localization, our findings also are consistent with the formation of a more stable species than anti-BPDE, which possesses reactivity or structural features that favor its accumulation in the nucleus and inhibit its release into the extracellular environment. Such properties are in agreement with the reported reactivity and apparent polarity of BPT-10-sulfonate (8, 10) .
Effects of Sulfite on the Subcellular Distribution and Macromolecular Binding of anti-BPDE
In regard to genotoxicity, the effects of sulfite on the behavior of anti-BPDE within the nucleus and resultant covalent binding to DNA are of great interest. CO0 cells from incubations similar to those described above were lysed and fractionated by centrifugation to produce a cytosolic and a nuclear fraction. Covalent binding of labeled materials to protein from each of these fractions was determined, and covalent modification of DNA from the nuclear fraction also was measured. CI0 cells exposed to 1 pM [3H]-anti-BPDE and either 1 or 10 mM sulfite showed modest increases in the levels of cytosolic and nuclear protein binding of [3H]-anti-BPDE-derived products over that seen in the absence of sulfite ( Table 1) . Analysis of the protein binding data by one-way ANOVA followed by Fisher's least significant difference analysis established that the increase elicited by 10 Figure 3 . In the absence of sulfite, both the cytosolic and the nuclear fractions contained the two diastereomeric BaP tetraols formed by the spontaneous hydrolysis of anti-BPDE. No detectable glutathione conjugates of the diol epoxide were seen (tR = 14.7 min). Sulfite reduces the scavenging efficiency of the cellular glutathione system by depleting reduced glutathione (9, 20) and by inhibiting the enzyme glutathione-S-transferase (20, 21) . Such inhibition of glutathione-dependent pathways has been advanced as a possible explanation for the increased mutagenicity and cytotoxicity of BaP derivatives in cell systems (20) (21) (22) (23) (24) . It. is possible that sulfite inhibits the glutathione-S-transferase system in CI0 cells, thus increasing the effective concentration of anti-BPDE. The lack of detectable glutathione-BPDE conjugates in the subcellular fractions from these cells or in the extracellular medium (data not shown) argues against a critical role for this conjugation pathway. This apparent diminished role for glutathione-dependent detoxication of anti-BPDE in C10 cells does not agree with reports from some other mammalian cell systems (20, (22) (23) (24) , but it does agree with our observations in bacterial systems (8, 9) . Moreover, mammalian cell types are known in which glutathione-dependent pathways are not important modulators of diol epoxide toxicity (25) .
Analysis of subcellular fractions from cells treated with either 1 or 10 mM sulfite demonstrated not only the formation of BaP tetraols, but also the presence of BPT-1O-sulfonate (tR = 10,11 min). The presence of the BaP tetraols in both cytoplasmic and nuclear fractions indicates that the relatively lipophilic anti-BPDE readily partitions into cells and into the nucleus. The presence of BPT-10-sulfonate in fractions derived from cells exposed to anti-BPDE and sulfite indicates either that the formation of BPT-10-sulfonate occurs within the cell or that BPT-10-sulfonate formed in the extracellular environment is able to enter intact cells. (Fig. 4) . At a concentration of 20 pM BPT-10-sulfonate, a fourfold increase above background was noted in the number of grains/nucleus. This apparent nuclear localization is less than 7% of the nuclear localization observed with anti-BPDE alone (Fig. 1) , and about 4% of the level obtained with anti-BPDE in the presence of sulfite ( Fig. 1) , despite the fact that the BPT-10-sulfonate concentration was 80-fold higher than the anti-BPDE concentration chosen for this comparison. This result is consistent with the inability of BPT-10-sulfonate to partition into octanol from an aqueous milieu (Green JL, unpublished observations), as well as our previously reported findings regarding the bacterial mutagenicity of these compounds (7) (8) (9) nuclear fractions examined here, must result from the intracellular reaction between sulfite and anti-BPDE. Second, if BPT-10-sulfonate is formed within a cell, it very likely cannot be excreted from that cell. In summary, C10 murine respiratory epithelial cells exposed to anti-BPDE and sulfite show enhanced nuclear localization of anti-BPDE-derived material. Results from examination of the time course of net nuclear localization of diol epoxide-derived species indicate that sulfite does not alter this process detectably during the first hour, but rather that it extends the linear increase in net localization between 1 and 4 hr. The presence of sulfite increased the covalent modification of DNA by diol epoxide-derived species up to threefold. Detection of BPT-10-sulfonate in cytosolic and nuclear fractions derived from cells exposed to both anti-BPDE and sulfite demonstrates the presence of another potentially reactive species in addition to the highly reactive epoxide. The targets to a longer-lived reactive intermediate that is capable of binding to DNA.
These data support the ability of sulfite to increase the level of [3H]-anti-BPDEderived product localized within the nucleus of exposed cells. Unfortunately, the binding levels and autoradiographic studies do not distinguish the individual contributions toward binding made by anti-BPDE and BPT-1 0-sulfonate. Detailed characterization of the structures of DNA adducts formed by BPT-10-sulfonate and on the sequence specificity for their formation are underway. If specific marker adducts or a pronounced sequence specificity is found for BPT-10-sulfonate that distinguish it from anti-BPDE, then the tools will be in hand to conclusively assess the toxicological significance of this novel derivative.
